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(57) ABSTRACT 

According to the invention, there is provided a vector for the 
expression of immunoglobulin-cytokin fusion proteins in 
malignant B cells at least containing operably linked to each 
other 

(a) a region of at least 1.5 kb which is homologous to a region 
of the u intron or the K intron and which lacks a functional C 
or C, enhancer or contains a non-functional C or C. 
enhancer, 
(b) at least one DNA sequence encoding a domain of an 
immunoglobulin or a part thereof; 
(c) a DNA sequence encoding a cytokin; and 
(d) a marker gene selectable in eukaryotic B cells and lacking 
a functional enhancer region wherein the expression of said 
marker following integration is controlled by the cellular C. 
or C enhancer. 
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EXPRESSION OF 
IMMUNOGLOBULIN-CYTOKINE FUSION 

PROTEINS IN MALIGNANT BCELLS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 10,716,580, filed Nov. 18, 2003, which is 
a division of U.S. patent application Ser. No. 09/064,026, 
filed Apr. 21, 1998, now U.S. Pat. No. 6,673,573, the contents 
of each of the above are incorporated by reference in the 
entirety for all purposes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0002 FIG. 1 is a schematic of the construct that has been 
integrated in a site-specific manner. 
0003 FIG. 2 is a plot showing the percent survivors vs. the 
number of days after tumor administration. 
0004 FIG. 3 is a restriction map of vector pSP72. 
0005. The present invention relates to a vector for the 
expression of immunoglobulin-cytokin fusion proteins in 
malignant B cells, a method for the expression of immuno 
globulin-cytokin fusion proteins in malignant B cells, uses of 
said vector as well as malignant B cells containing said vector. 
0006. The immunoglobulin idiotype expressed on B cell 
lymphomas is a tumour-specific antigen which however 
shows a low immunogenicity in the host bearing the tumour. 
Several approaches have been evaluated to induce an immune 
reaction against the idiotype. I. a., the idiotype has been 
coupled to GM-CSF to be used as a soluble protein for the 
vaccination of mice (Nature 362,755-758, 1993). GM-CSF is 
able to recruit professional antigen-presenting cells and leads 
to an effective presentation of the idiotype and, thus, to the 
activation of T cells. This approach bears the disadvantage 
that the immunoglobulin V genes of the lymphoma have to be 
cloned and the fusion protein has to be produced in vitro and 
purified. Therefore, this would require in a clinical situation 
to prepare individual vaccines for each patient. 
0007. It is an object of the present invention to provide 
novel vectors which may be employed universally in patients 
without need to prepare individual vaccines. 
0008. This object has been solved according to the inven 
tion by means of a vector for the expression of immunoglo 
bulin-cytokin fusion proteins in malignant B cells at least 
containing operably linked to each other 
0009 (a) a region of at least 1.5 kb which is homologous to 
a region of the L intron or the K intron and which optionally 
contains or lacks or contains a non-functional C or C. 
enhancer, 
0010 (b) at least one DNA sequence encoding a domain of 
an immunoglobulin or a part thereof; 
0011 (c) a DNA sequence encoding a cytokin; and 
0012 (d) a marker selectable in eukaryotic B cells which 
optionally contains an enhancer or lacks a functional 
enhancer region wherein following integration the expression 
of this marker is controlled by the cellular C or Cenhancer. 
0013 Preferred embodiments of the invention become 
obvious from the dependent Claims, the following Descrip 
tion as well as the Example. 
0014 While fusion proteins obtained according to the 
prior art, i.e. as in the publication cited above in Nature 362, 
755-758, 1993, were expressed in vitro following transfection 
of cell culture cells, purified, and administered in soluble 
form, the vectors provided according to the invention enable 
site-specific insertion of the cytokin gene by homologous 

Aug. 25, 2011 

recombination into the heavy chain locus of immunoglobulin 
genes without any need to isolate the V gene and to insert the 
gene into the vector. The vector of the invention is directly 
incorporated into the malignant B cell and the expression is 
induced in this cell, so that the genetechnological altered 
tumour cells may be administered directly to the patient as 
compared to previous approaches where it is required to 
administer the soluble previously purified protein. This does 
not only save time, effort, and costs but also leads to a sig 
nificantly better tumour-protective effect. 
0015 Starting material for the construction of the vectors 
according to the invention were the integration vectors for the 
preparation of recombinant antibodies which have been 
described in DE 4406 512. These vectors are useful for the 
highly efficient production of chimeric mouse/human anti 
bodies. The integration vectors described in DE 4406 512 
served only for the preparation of recombinant antibodies and 
have therefore been expressed solely in antibody-producing 
hybridoma cells. The solution according to the invention to 
express immunoglobulins in the form of fusion proteins with 
cytokins by homologous recombination directly in malignant 
B cells and to use the malignant B cells modified in this 
manner for the vaccination of patients with malignant B cell 
tumours is not rendered obvious by DE 4406 512. 
0016. By the present invention, a cytokin gene is intro 
duced into the immunoglobulin heavy chain locus of malig 
nant B cells, for example B cell lymphoma cells, via homolo 
gous recombination. For this purpose, an integration vector 
having the features of claim 1 has been constructed. Follow 
ing site-specific integration into the heavy chain locus an 
immunoglobulin-cytokin fusion protein is expressed under 
the control of an endogenous V promoter. 
0017. The recombination vector described may be poten 

tially used for all lymphomas. By introduction of the cytokin 
gene by homologous recombination into the heavy chain 
locus of the malignant B cell an isolation of the idiotype may 
be avoided. By this, the time it takes until the start of therapy 
is significantly reduced. Furthermore, it is possible to use the 
tumour cells modified by homologous recombination after 
irradiation for a vaccination without having to purify the 
fusion protein. The following Example shows that the 
tumour-protective effect is much more pronounced if the 
vaccination is carried out using the modified cells provided 
according to the invention instead of the soluble protein. 
0018 Construction of the vector according to the inven 
tion is based on the integration vectors described in DE 4406 
512. For complete disclosure, this German Patent Document 
is incorporated herein by reference in its entirety. However, 
the integration vectors described in DE 4406 512 are modi 
fied according to the invention, so that no recombinant anti 
bodies may be expressed and recovered but that insteadfusion 
proteins of immunoglobulin genes and cytokins which are 
directly expressed in malignant B cells are obtained. 
0019. The vector of the invention may have a region of at 
least 1.5 kb with homology to an intron region in which the Ig 
enhancer naturally does not occur or from which it has been 
deleted or in which it is inactivated; or in a further embodi 
ment the vector according to the invention has a functional C 
or C enhancer. 
0020. The DNA may for example comprise one or more 
exons as long as it encodes a functional domain of an antibody 
or a functional part thereof. If the functional part of the 
domain is a part of a V domain this must be able to bind to or 
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to contribute to binding to the target antigen. If the functional 
part is a part of a C domain, this must be able to exert at least 
part of the effector functions. 
0021. In a preferred embodiment the region of the L or K 
intron of at least 1.5 kb comprises the region in which the C. 
or C enhancer is localized where this region optionally con 
tains a or lacks a functional C or C, enhancer. 
0022. In this latter embodiment the enhancer may be either 
deleted or inactivated. Such an inactivation may for example 
be brought about by mutagenesis according to methods 
known from the prior art. 
0023. In the selectable marker, the enhancer has been 
deleted or inactivated. In another embodiment the marker 
lacks a natural enhancer. In a further embodiment the select 
able marker contains an enhancer. 
0024. The homologous sequence contained in said vector 
must have a length of at least 1.5 kb to achieve a homologous 
recombination event at all. This DNA sequence of at least 1.5 
kb may be selected from different regions of the C or C. 
intron. According to the invention, the enhancer itselfmay be 
absent from the construct or be deleted from the homologous 
flanking region or inactivated therein. During integration of 
the vector into the homologous sequence of a functionally 
rearranged antibody gene the expression of the recombinant 
gene is put under the control of an endogenous enhancer. If 
exons are inserted which encode the constant region these are 
additionally put under the control of the endogenous V pro 
moter. Moreover, the enhancer controls the expression of the 
selectable marker thereby ensuring that the selection marker 
is only activated if it is ligated into the proximity of a strong 
enhancer. By the site of homology used a homologous recom 
bination with the immunoglobulin locus is promoted 
whereby the selectable marker is placed under the control of 
the endogenous C or C, enhancer. 
0025 Expression of the recombinant gene provided 
according to the invention coding for an immunoglobulin 
cytokin fusion protein is regulated following site-specific 
integration 3 of the heavy chain V gene of the malignant B cell 
by the endogenous V promoter. 
0026 Cloning techniques are well known to the skilled 
artisan from the prior art. For example, reference is made to 
Sambrook et al., “Molecular Cloning, A Laboratory Manual, 
2nd edition 1989, Cold Spring Harbour Laboratory, Cold 
Spring Harbour, USA, and to Harlow and Lane, “Antibodies, 
A Laboratory Manual, 1988, Cold Spring Harbour Labora 
tory, Cold Spring Harbour, USA. 
0027. The endogenous immunoglobulin V gene segment 
of the immunoglobulin-producing B cells remains unchanged 
and is expressed after homologous recombination linked to 
the introduced constant gene segments as well as the 
cytokins. In this way, the idiotype of the B cell lymphoma is 
preserved, but its physical linkage to the cytokin leads to 
enhanced presentation by the antigen-presenting cells and 
thereby to an enhanced immunogenicity of the idiotype. 
Thus, in contrast to the vector of DE 4406 512 the vector 
according to the invention does not encode a V domain or a 
part thereof, but instead encodes the endogenous V sequence 
and, thus, the idiotype of the transfected B cells is conserved. 
0028. In another preferred embodiment the vector shows a 
DNA sequence which encodes a constant region or a part 
thereof. This sequence may either encode the heavy or the 
light chain of an antibody. It is known to the skilled artisan 
that in all idiotypes several exons code for the heavy chain. If 
only one C exon for the heavy chain is present in the con 
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struct this preferably is the C exon. By a construct of this 
type it is possible to preparefusion proteins having an immu 
noglobulin portion with the functionality of Fab or F(ab). 
fragments. However, the vector according to the invention 
preferably contains all the exons of one type of heavy chain 
enabling expression of a complete heavy chain. In this 
embodiment the elements (a), (b), (c), and (d) are arranged in 
this order in 5'-3' direction. 
0029. In another preferred embodiment of the integration 
vector according to the invention the region homologous to 
the L or K intron has a length of 1.9 kb or 2.0 kb. 
0030. In a further preferred embodiment the vector 
according to the invention contains a regulatory unit compat 
ible to bacteria. Such a bacteria-compatible regulatory unit 
enables cloning and amplification of the vector in bacterial 
systems, for example in E. coli. Bacteria-compatible regula 
tory systems are known to the skilled artisan from the prior 
art; cf. Sambrook et al., as mentioned above. An example for 
said bacteria-compatible regulatory unit is the regulatory unit 
of plasmid p3R322. 
0031. In a further embodiment the immunoglobulin por 
tion of the fusion protein is of chimeric nature. By "chimeric' 
there is meant an immunoglobulin which combines the V and 
C regions of different species. For example, a V gene from 
mouse may be combined with a C exon of a human isotype. 
0032. In another embodiment the DNA sequence of the 
feature (b) encodes a human immunoglobulin chair. This 
domain may be V as well as C domains or parts thereof. 
0033. In a further preferred embodiment of the vector 
according to the invention the DNA sequence encodes 
domains derived from mouse, rat, goat, horse or sheep. Pref 
erably, all the DNA sequences for sequences encoding either 
the V or the C regions are derived from one of said animal 
species where the C regions may also be taken from different 
animal species. 
0034. In an advantageous embodiment of the present 
invention the vector bears a constant Ig region which is Xeno 
geneic to the patient and which may be advantageous for the 
induction of an immune reaction. 
0035. As with the DNA sequences encoding human 
domains used in another embodiment of the vector of the 
invention, DNA sequences encoding these domains for 
homologous recombination may be employed together with 
the corresponding sequence of a different mammalian spe 
C1GS. 

0036. In another preferred embodiment of the vector 
according to the invention the DNA sequence encodes all the 
C domains of a secretory antibody. 
0037. A further preferred embodiment of the vector 
according to the invention contains a DNA sequence encod 
ing C domains of an antibody being an IgM, IgG1, IgG2a, 
IgG2b, IgG4, IgA, Ig|D, or IgE antibody. It is well known to 
the skilled artisan that some of these isotypes are not present 
in all mammalian species. For example, the human genome 
contains C genes encoding the IgG4 isotypes but no IgG2a or 
IgG2b isotypes. In contrast, the mouse genome contains C 
genes encoding the IgG2a and the IgG2b isotype but not the 
IgG4 isotype. 
0038. In a further preferred embodiment of the integration 
vector according to the invention the selectable marker is gpt, 
neo or codes for hygromycin resistance. It is known to the 
skilled artisan how to cultivate cells under selective condi 
tions necessary for these markers (cf. Sambrook et al., see 
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above). Moreover, the skilled artisan will be able to choose 
other selection markers which may be used in the vector 
according to the invention. 
0039 Transfection of immunoglobulin-producing cells is 
regarded as a standard procedure in modern immunology. It is 
well known to the skilled artisan that the transfection condi 
tions have to be adjusted for each cell line employed. A basic 
course for establishing Such transfection conditions is for 
example given in Toneguzzo et al., Mol. Cell. Biol. 6 (1986), 
703-706 as well as in the description for the Biorad 
“Genepulser'. Suitable transfection conditions for mouse 
myeloma line NS-1 (ATCC TIB 18) are for example 
described in Mocikat et al., Gene 136 (1993),349-353. Selec 
tion of stable transformants is performed by cultivation of the 
transformants for at least 7 days in a suitable selective 
medium. The selection of stable transformants is necessary to 
kill cells which have not incorporated the plasmid. The choice 
of the selective medium is of course dependent on the selec 
tion marker used. The preparation of suitable selective media 
is known from the prior art and may for example be found in 
Sambrook et al., see above. 
0040. In a preferred embodiment of the method of the 
invention the transfection is carried out by electroporation, 
calcium co-precipitation, lipofection, the DEAE dextran 
technique or retroviral gene transfer: All of these methods are 
well known from the prior art. Therefore, it is known to the 
skilled artisan how to adjust the conditions for every single 
transfection procedure in the method according to the inven 
tion. In another preferred embodiment of the method accord 
ing to the invention the selection is performed in a medium 
containing as the selective agent mycophenolic acid, G418 or 
hygromycin. As mentioned above, these selective agents are 
well known from the prior art. Their choice is dependent on 
the selection marker used while their dosage may be derived 
from standard textbooks of molecular biology; cf. Sambrook 
et al., see above. 
0041. In another preferred embodiment of the method 
according to the invention the DNA sequence encodes con 
stant domains of the Y1, Y2, Ya Ya Ya, L. C. 6 ore isotype. 
0042. The DNA sequence according to feature (c) encodes 
cytokins selected from interleukins, interferons, colony 
stimulating factors, lymphokine and growth factors. 
Examples for such DNA sequences are: IL-2, IL-4, IL-7, 
IL-12, IL-13, GM-CSF, or interferon Y. 
0043. The vectors of the present invention are introduced 
for example by the procedures characterized in more detail 
above into malignant B cells where they are integrated by 
homologous recombination and are stably expressed. By 
appropriate selection and identification procedures, such 
malignant B cells are identified which stably express the 
fusion protein. However, in one embodiment of the invention 
it is also possible to use malignant B cells containing the 
vector construct of the invention directly in the vaccination 
without previous selection of such cells which show stable 
expression of the fusion protein. Prior to vaccination, it is of 
course necessary to render the malignant B cells replication 
incompetent by irradiation without affecting the expression 
of the fusion protein. 
0044 Thus, it is not absolutely required to perform selec 
tion of the recombinant cells prior to injection into the patient. 
For an anti-tumour immunization, the expression of the trans 
formants is sufficient in which a homologous recombination 
event has taken place so that it is acceptable to administer a 
heterogenous cell population. For this reason, it is not abso 
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lutely required for the vector according to the invention to 
show the marker selectable in eukaryotic cells mentioned in 
feature (d) of claim 1. In cases, in which no selection of the 
recombinant cells is performed prior to injection into the 
patient, said marker may be omitted. 
0045. The vector provided according to the invention may 
also be employed in an ex vivo assay. For this purpose, cul 
tured dendritic cells are induced to present tumour-specific 
peptides and optionally also to activate T cells by means of the 
fusion protein expressed by the recombinant tumour cells. 
The antigen-presenting cells or the activated T cells, respec 
tively, would then be reintroduced into the patient. 
0046. A great advantage in the injection of such malignant 
B cells producing the immunoglobulin-cytokinfusion protein 
is that time-consuming production and purification steps for 
the preparation of these proteins in clinically relevant 
amounts become unnecessary. 
0047. The malignant B cell into which the-vector accord 
ing to the invention is incorporated may be for example a B 
cell leukemia cell, a B cell lymphoma cell, or a plasmacytoma 
cell. 
0048. In the following, the invention will be described 
referring to the Example performed using an animal model. 
According to continual experience, the results obtained in this 
manner may also be applied to humans. It should be under 
stood that the invention is not limited to the following specific 
Example but may be modified in the scope of the following 
Claims. 

EXAMPLE 

Vector Construction 

0049. The murine GM-CSF gene is cloned into pSP72 (cf. 
FIG. 3) via PstI. The 5' portion of the gene is excised by 
EcoRV and Xmal and replaced by a PCR product cut by the 
same enzymes and lacking the 29 amino acids at the N ter 
minus. In this manner, the construct pSP720AEV)-GMCSF 
(AL) is prepared. Into vector pSVgpt-huy1-A5 (Kardinal et 
al., Eur. J. Immunol. 25,792-797, 1995), a Sall restriction site 
is introduced 3' of the human IgG1-C3 exon. The GM-CSF 
gene is cut from pSP72(AEV)-GMCSF(AL) by SalI and 
ligated into the SalI site of modified pSVgpt-huy1-A5. 
0050 Gene Transfer 
0051. The recombination vector harbouring GM-CSF is 
linearized by EcoRI or BamHI and transferred into the 
murine B cell lymphoma cell line MPC11. Stably transfected 
cells are selected for the presence of the gpt gene by means of 
mycophenolic acid. Clones in which the construct has been 
integrated in site-specific manner (see FIG. 1) are identified 
by ELISA. 
0.052 Animal Experiments 
0053. The benefit of the modification of alymphoma idio 
type by homologous recombination for anti-tumour immuni 
Zation is demonstrated exemplarily using murine B cell lym 
phoma MPC11. This tumour is derived from the BALB/c 
mouse, it expresses IgG2b and within up to 20 days after 
inoculation of 10 cells into syngeneic animals leads to the 
death of 100% of the animals. Following transfer of the vector 
into MPC11 and identification of homologous recombinants, 
these recombinants are used for immunization of BALB/c 
mice. For this purpose, 5x10° irradiated cells each are 
injected i.p. in an interval of three weeks. 7 days after the last 
injection a lethal inoculum of wild-type tumour cells is 
administered i.p. While the animals of the control group 
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which have received only tumour cells but no pre-immuniza 
tion are dying of the tumour (group C in FIG. 2), the immu 
nized animals show a significant advantage of Survival (group 
A). If the vaccination is performed with MPC 11 cells where 
into the heavy chain locus only the human IgG1-C region 
without GM-CSF gene has been introduced by homologous 
recombination, i.e. which express a Xenogenized heavy chain, 
the Survival period is only marginally prolonged. 
0054 Since in the method described it is neither necessary 

to isolate the tumour idiotype from the lymphoma on the 
genetic nor on the protein level and there is no requirement for 
a production of individual specific vaccines but a universal 
vector may be employed for all lymphomas, the time until the 
start of therapy may be significantly reduced. Use of the 
irradiated tumour cells modified by homologous recombina 
tion has not only the advantage that the time-consuming and 
effort-consuming purification of the fusion protein may be 
omitted. A significant advantage is that the tumour-protective 
effect is much more pronounced if the immunization is car 
ried out with cells expressing a recombinant protein as com 
pared to administration of the purified soluble protein. 
0055. By the present recombination vector the time until 
the start of therapy may be considerably reduced. Further 
more, it is possible to employ the tumour cells modified by 
homologous recombination following irradiation for the vac 
cination without having to purify the fusion protein. By the 
Example given above, it could be demonstrated that Surpris 
ingly the tumour-protective effect is much more pronounced 
compared to immunization of the cells using purified soluble 
protein. 

1-30. (canceled) 
31. A vector for the expression of immunoglobulin-cytok 

ine fusion proteins in malignant B cells, comprising the fol 
lowing components operably linked to each other 

(a) a continuous region of at least 1.5 kb which is homolo 
gous to an at least 1.5 kb segment of the Lintron or the K 
intron; 

(b) at least one DNA sequence encoding a constant region 
of an immunoglobulin or a part of the constant region; 

(c) a DNA sequence encoding a cytokine; and 
(d) a marker gene which is selectable in eukaryotic B cells 
and contains a functional enhancer region. 

32. The vector according to claim 31, wherein said con 
tinuous region of at least 1.5 kb contains a functional C or C. 
enhancer. 
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33. The vector according to claim 31, wherein said con 
tinuous region of at least 1.5 kb contains a non-functional C 
or C enhancer. 

34. The vector according to claim 31, wherein the marker 
gene selectable in eukaryotic B cells contains a non-func 
tional enhancer. 

35. The vector according to claim 31, wherein the marker 
gene selectable in eukaryotic B cells lacks an enhancer. 

37. The vector according to claim 31, wherein the region 
homologous to a region comprising the C or the Cenhancer 
of the L or the K intron comprises at least 1.9 kb. 

38. The vector according to claim 31, wherein the region 
homologous to a region comprising the C or the Cenhancer 
of the L or the K intron comprises at least 2.0 kb. 

39. The vector according to claim 31, said vector contain 
ing a regulatory unit which is compatible with bacteria. 

40. The vector according to claim 31, wherein the DNA 
sequence of (b) encodes the constant region of a human 
immunoglobulin. 

41. The vector according to claim 31, wherein the DNA 
sequence of (b) encodes the constant region of a mouse, rat, 
goat, horse or sheep immunoglobulin. 

42. The vector according to claim 31, wherein the DNA 
sequence of (b) encodes the constant region of a secretory 
antibody. 

43. The vector according to claim 31, wherein the DNA 
sequence according to (b) encodes the constant region of a 
membrane-bound antibody. 

44. The vector according to claim 31, characterized in that 
said DNA sequence of (c) encodes an interleukin, an inter 
feron, a colony-stimulating factor, alymphokine, or a growth 
factor. 

45. The vector according to claim 44, characterized in that 
said DNA sequence of (c) encodes IL-2, IL-4, IL-7, IL-12, 
IL-13, GM-CSF or interferony. 

46. The vector according to claim 31, wherein the select 
able marker gene is gpt, neo, or a marker gene encoding 
hygromycin resistance. 

47. A malignant B cell containing a vector according to 
claim 31 in integrated form, wherein an immunoglobulin 
cytokine fusion protein is expressed by said cell. 

c c c c c 


